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检测限均在 10 μg/L 以下，其中红霉素的仪器检测限可低至 0.02 μg/L；各类兽药
在 10 μg/L~1000 μg/L 的浓度范围内具有良好的相关性，线性相关系数为
0.9989~1.000。本检测方法具有定性准确、灵敏度高、重现性好、简单快速的优
点（分 4 组检测，整个仪器分析过程可在 1 h 内完成）。 
2．60 种兽药在 5 种典型固相萃取柱上的保留行为研究 
选择PS-DVB（Polystyrene-Divinylbenzene，聚苯乙烯-二乙烯基苯柱）、HLB
（Hydrophilic-Lipophilic-Balanced，亲水性N-乙烯基吡咯烷酮-亲脂性二乙烯基苯

























3．环境水样中 52 种兽药的同时分析方法研究  
以河水和海水为基底，利用 HLB 固相萃取柱建立了步骤简单、富集净化效
果较好的 52 种兽药残留的预处理方法。实验考察了 5 种不同类型的固相萃取柱




4．水产品中 48 种兽药残留的同时分析方法研究 
选择乙腈-柠檬酸混合液（9:1，v/v，pH=3）为萃取溶剂，采用高速均质和
超声波辅助萃取、正己烷除去油脂、HLB 柱净化，建立了典型水产品鱼、虾、
贝中 48 种兽药残留的同时分析方法。在 1.0 μg/kg、4.0 μg/kg、10 μg/kg、20 μg/kg























With the rapid development of livestock agriculture and aquaculture, the types 
and dosage of veterinary drugs are keeping increasing. The veterinary drug residues in 
animal products have directly caused food safety problems, in water system also taken 
threat to drinking water and aquatic products safety, as considerable amount of them 
being released into water environment through the disposal of animal feces, medical 
wastes and direct feeding jettison. In this work, a method for simultaneous 
determination of about 60 commonly-used veterinary drugs in aquatic environment 
and aquatic products using ultra performance liquid chromatography coupled with 
electrospray tandem mass spectrometry (UPLC-MSMS) has been developed. The 
research contents and results are as the following: 
1. Establishment of instrumental analysis method for 60 veterinary drugs using 
ultra performance liquid chromatography coupled with electrospray tandem 
mass spectrometry 
A method for simultaneous detection of 60 veterinary drugs using ultra 
performance liquid chromatography-electrospray tandem mass spectrometry 
(UPLC-MSMS) under multiple reactions monitoring mode (MRM) was developed. 
The effects of composition and gradient elution of the mobile phase on the separation 
and MS parameters, such as capillary voltage, cone voltage and collision energy were 
optimized. Under the optimized conditions, the detection limits of target veterinary 
drugs reached 10 μg/L, especially erythromycin at 0.02 μg/L. Good linearities were 
obtained in the range from 10 μg/L to 1000 μg/L with correlation coefficients between 
0.9989 and 1.000. The method was sensitive, reproducible, simple and fast (60 target 
veterinary drugs were divided into four groups and the entire detection process could 
be accomplished within one hour). 
2. Retention behaviors of 60 veterinary drugs on 5 typical SPE cartridges 
The retention behavior of target veterinary drugs in 5 different SPE cartridges, 
PS-DVB, HLB, C18, SAX, and SCX were investigated. Elusion solutions, elution 
volumes and rinsing solutions were optimized. Results showed that: (1) for PS-DVB,  
41 target veterinary drugs could be satisfiedly eluted by 12 mL methanol: 
dichloromethane (1:1, v/v) while 32 target veterinary drugs by 4 mL methanol; (2) for 
HLB, both 8 mL methanol and 4 mL methanol: dichloromethane (1:1, v/v) could elute 















drugs while 16 mL methanol: dichloromethane (1:1, v/v) could elute 29 target 
veterinary drugs; (4) for SAX, 12 mL formic acid with pH 3 and methanol could elute 
29 target veterinary drugs; (5) for SCX, 20 mL ammonia with pH 9 and methanol 
could elute 27 target veterinary drugs. The results provided basic SPE data for further 
development of relevant analytical methods. 
3. Simultaneous Determination Method for 52 veterinary drugs in aquatic 
environment using SPE-LC-MSMS 
A simple and enrichment/cleanup-effective solid phase extraction method for the 
simultaneous extraction of 52 veterinary drugs in river water and sea water was 
developed with HLB cartridge. The enrichment and cleanup effects of 5 SPE 
cartridges were compared, and influential factors such as water pH were investigated. 
Under the optimized conditions, recoveries at 20 ng/L, 40 ng/L and 200 ng/L spiking 
levels were between 50.00% and 115.0% for river water samples and between 49.00% 
and 106.0% for seawater with relative standard deviations (RSD, n=4) all less than 
10.0%. Using surrogates as QC method, the proposed method can meet the 
requirement for detecting trace veterinary drugs residues in both river water and sea 
water. 
4. Simultaneous determination method for 48 veterinary drugs in aquatic 
products using SPE-LC-MSMS 
A method for simultaneous determination of target veterinary drugs in aquatic 
products was proposed using acetonitrile: citric acid mixed solution (9:1, v/v, pH=3) 
for extraction under the assistance of homogenization and ultrasound. HLB SPE 
cartridge and hexane were used for cleanup. Recoveries of 48 target veterinary drugs 
at 1.0 μg/kg, 4.0 μg/kg, 10 μg/kg, 20 μg/kg and 100 μg/kg spiking levels using 
surrogates as QC method were 16.59% ~ 85.80% for fish, from matrix between 
15.67% ~ 88.16% for shrimp and 10.88% ~ 108.8% shellfish with relative standard 
deviations (RSD, n = 4) less than 12.9%. Using surrogates as QC method, the method 
can meet the requirement for determination of trace veterinary drugs residues in 
aquatic samples. 
 
Keywords: veterinary drugs; river water; sea water; aquatic products; solid phase 


















ESI           Electrospray Ionization  电喷雾电离 
GC-MS Gas Chromatography Mass  
Spectrometry   
 
气相色谱-质谱联用仪 




HPLC High Performance Liquid 
Chromatography 
高效液相色谱 
LC-MS Liquid Chromatography Mass 
Spectrometry 
液相色谱-质谱联用仪 
LLE          Liquid Liquid Extraction 液液萃取 
MRLs         Maximum Residue Limits      大残留量 
MRM         Multiple Reaction Monitoring 多反应选择监测 
PS-DVB       Polystyrene-Divinylbenzene 聚苯乙烯-二乙烯基苯柱 
RSD          Relative Standard Deviation 相对标准偏差 
SAX          Strong Anion Exchange 强阴离子交换柱 
SCX          Strong Cation Exchange   强阳离子交换柱 
SPE           Solid Phase Extraction  固相萃取 
















第 1 章 绪论 
1 























































检疫数据显示，欧盟 1996 年使用了约 10200 吨抗生素，其中大约一半用于动物
治疗和促生长；1999 年使用约 13288 吨抗生素，其中 65%用于人类治疗，29%
用于动物治疗，6%用作生长促进剂[3]。随着对兽药滥用及其产生危害的重视，各
国对兽药的使用要求越来越严格。2004 年，欧盟的 25 个国家中，用作动物治疗
的抗生素约有 5393 吨，抗寄生虫药物用量约 194 吨，激素类药物用量约 4.6 吨[4]，
使用量比 1996 年减少了一半。 
美国 2000 年生产了约 16200 吨抗生素，其中 70%用于畜禽养殖[5]；2007 年
约有 12650 吨抗微生物药用于动物治疗，其中四环素类占 40%[6]，生长促进剂约
占 13%。 
我国每年大约有 750~1000 吨金霉素、500~700 吨土霉素、400 吨诺氟沙星、 
100 吨环丙沙星、15 吨氧氟沙星用于动物的饲料添加剂[7]。2002 年大环内酯类产 
量达到 72000 吨，占世界总产量的 2/3[8]。2003 年，我国甲砜霉素、氟甲砜霉素 
的兽药使用量大约为 400 吨；青霉素产量为 28000 吨，占世界总产量的 60%；土 
霉素产量 10000 吨，占世界总产量的 65%；而磺胺类抗生素的总产量突破 20000 
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